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Abstract 
Background. TEN-D by Night is an international, multicentre, cross-
sectional portal survey conducted on a large sample of young people in
six European countries. This paper aims to investigate the alcohol and
psychoactive drug consumption of this sample, with a focus on the
prevalence of binge drinking and the poly-drug habits of the TEN-D
cohort.
Design and Methods. The study population consisted of 4695 young
people attending recreational sites on weekend nights. The interven-
tion included two questionnaires and two psychoactive substance
detection tests performed at the entry and exit of the recreational
sites. A multivariate logistic regression model was used to predict the
probability of binge drinking. 
Results. Binge drinking was reported by 20% of the males and 13%
of the females (P=0.001) before entry into the recreational sites and
by 18% of the males and 11% of the females before entry into the clubs
(P<0.001). Poly-drug use was reported by 71% of the males and 66% of
the females. Living with a parent (OR 1.57; P=0.01), seeking employ-
ment (OR 1.66; P=0.005) and cannabis consumption (several times
per month and several times per week, OR 1.94 and 3.66, respectively,
P<0.05) were associated with binge drinking.
Conclusions. Our survey showed that it is possible to identify indi-
viduals and groups at higher risk of binge drinking. This identification
would allow for a focus on specific targets and would facilitate the
redesign of prevention programmes. The increased use of psychoac-
tive substances among youths should be studied extensively to pro-
mote successful prevention campaigns.
Introduction
During the last two decades, an increase has been reported in the
consumption of psychoactive substances (alcohol and illegal and med-
ical drugs) among young people in Europe. A common theme of many
studies is the dynamic nature of problematic alcohol and illegal drug
use.1-7 Currently, the members of the European Community show a
growing interest in these issues and demonstrate a desire and a
shared determination to improve their understanding of this complex
social issue.5,8,9 The attention given to this topic is also based on evi-
dence that the consumption of psychoactive substances is one of the
major risk factors for road crash accidents, the leading cause of death
among people younger than 30 years old.2,8,10 As reported in a previous
study, almost 73,500 young people aged 16-24 died in road crash acci-
dents in 14 European countries during the decade of 1995-2004.11 Road
crash accidents occur more frequently on weekend nights,12 when
youths are more likely to consume large quantities of alcohol, a phe-
nomenon known as binge drinking (defined as ≥5 drinks on one occa-
sion for men and ≥4 drinks on one occasion for women).13-19
Knowledge of these patterns of psychoactive substance consumption
among young people is therefore crucial for planning effective preven-
tion programmes. In the past, several studies have examined the
prevalence of illegal drugs use, especially in the US,9,18,19 whereas
other studies have reported on specific drug use in small samples of
young people in regional settings.20,21 To our knowledge, however, no
study has investigated binge drinking and poly-drug use in large sam-
ples directly recruited in a natural setting, such as the recreational
sites where youths spend their weekend nights (in our case, clubs and
discotheques). The TEN-D (Dark, Dance, Disco, Dose, Drugs, Drive,
Danger, Damage, Disability, Death) by Night project is an internation-
al, multicentre, cross-sectional survey conducted in six European
countries. This study was designed to investigate psychoactive sub-
stance consumption (alcohol, cocaine, methamphetamine/MDMA,
THC, amphetamine, opiates, benzodiazepines) and the relationship
between this risk behaviour and driving performance in a large sam-
ple of young drivers, who were enrolled in this study at typical loca-
tions of consumption.22 Using data provided by the TEN-D survey, this
study aims to examine the patterns of alcohol and illegal drug use
among European youths, focusing on the prevalence of binge drinking
and poly-drug use.
Materials and Methods
Details about the methodology of the study protocol have been
described in a previous paper.22 Briefly, TEN-D by Night is an interna-
tional, multicentre, cross-sectional portal survey funded by the
European Commission.
Significance for public health
We investigated the patterns of illegal drug and alcohol consumption in
young people, focusing in particular on binge drinking behaviours, a known
important current public health issue. This phenomenon has been investi-
gated in other studies, especially those focused on the US, but to date, to our
knowledge, no European studies have been conducted in the natural setting
of a large cohort of young people. The TEN-D survey confirmed that the
prevalence of binge drinking is higher among younger people (20-24 years
old) and may be related to socio-economic variables (such as living with
friend and colleagues or lower educational level). We found a significant
association between the consumption of illegal drugs and binge drinking
(poly-drug consumption). These findings should be considered when
addressing specific prevention campaigns that focus on the groups with the
highest likelihood of unhealthy behaviours.
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Participants
The required sample size was calculated using the Schlesselmann
formula23 for known population sizes, assuming a two-sided alpha
=0.05, a statistical power =90%, losses or missing =25% and taking
into account the need to stratify for each country and adjust for sever-
al potential confounders in the multivariate analysis. Based on these
parameters, the overall sample consisted of 4695 young drivers who
were enrolled in the study on weekend nights at recreational meeting
places in six European countries [Italy (18%), Spain (21%),
Belgium/Netherlands (19%), Poland (21%) and Bulgaria (21%)]. In
each country, a map of the recreational meeting places was produced
based on official regional lists, and an opportunistic selection was
made according to the willingness of the clubs’ owners.The TEN-D by Night intervention
In each country, the interventions were conducted by survey staff
composed of at least six operators who had been specifically trained.
The staff included a survey manager (responsible for supervising all
field activities), one technician for a driving simulation test, at least
two interviewers (responsible for the administration of questionnaires
and two psychoactive substance detection tests) and two hostesses for
approaching the young people.
The scheduled activities were conducted at both the entry and exit of
the recreational sites.
At the entry, after the voluntary recruitment of the participants based
on eligibility criteria (possession of a driver’s license and age between
16 and 35 years old), the staff explained the study’s protocol, collected
informed consent, and assigned a personal, anonymous code to each
subject.
Each participant was asked to complete a structured questionnaire
and a test to assess his/her BAC (breath alcohol concentration, a proxy
for blood alcohol concentration)24 and to participate in a driving simu-
lation (using SimuNomad3 Ecrans).25 At the exit, a second question-
naire and a saliva test26 for several illegal drugs were administered to
the participants in addition to the same BAC test and the same driving
simulation performed at entry. The TEN-D by Night intervention22 is
based on the portal survey technique12,15 and was applied at selected
youth recreational locations on weekend nights by survey staff.The questionnaires
Two anonymous questionnaires were developed based on previously
validated questionnaires.3 The questionnaires were tested for compre-
hensiveness and translated into the official language of each partici-
pating country.
A total of 27 closed- and open-ended questions investigated the fol-
lowing topics:
• Demographic and socio-economic status (gender, age, education,
occupational status, living situation);
• Medical drug consumption in the last seven days;
• Driving habits (licensing age, driving frequency);
• Alcohol and illegal drug consumption;
• Driving under the influence of psychoactive substances (self-report-
ed driving after heavy drinking or illegal drug use or having had
penalties, car crashes, or license revocation when drunk or doped in
the last year);
• Alcohol consumption during the event (number of shots, glasses or
bottles consumed for each different alcohol type);
• Illegal drug consumption during the event (each substance);
• Binge drinking during the event;
• Intent to drive upon exit;
• Opinions about the intervention.
Statistical analysis
The results of the analyses on the predictors of reaction time were
published previously,27 including descriptive statistics for males and
females and the categorical variables based on relative frequencies.
Differences were compared using the chi-squared test. A multivariate
logistic regression model was fitted through a backward stepwise elim-
ination analysis to predict the probability of binge drinking. The best-
fitting model was chosen based on the Akaike information criterion.
Finally, the goodness of fit was evaluated using the Brier score, which
quantifies the overall accuracy of the predictions (for sensible models,
the Brier score ranges from 0, perfect, to 0.25, worthless), and the c
index (the closer to the absolute value of one, the better), which repre-
sents the concordance between the predicted and observed responses.
In the absence of an external data source, all goodness-of-fit indices
were computed using a bootstrap method to account for the degree of
optimism in the model accuracy evaluations induced by the use of the
same data source for training and testing purposes.28 A two-tailed p-
value of 0.05 was considered significant for all analyses, which were
conducted using the R statistical package version 2.9.29
Finally, based on the multivariate logistic model, a nomogram was
produced to estimate the likelihood of engaging in binge drinking
behaviour for each subject with specific socio-demographic character-
istics. Nomograms are graphs that allow for the approximate calcula-
tion of output from mathematical functions.30
To compute the probability of engaging in binge drinking, each
covariate in our nomogram is represented by a horizontal line, with tick
marks indicating the categories of an explanatory variable. Given a risk
profile, that is, a set of covariates (age, living situation, education and
marijuana and cocaine consumption), the likelihood is derived as fol-
lows. A vertical line is drawn from each covariate’s category to the
Points axis at the top of the nomogram. The corresponding value is the
partial risk score relative to each predictor. The sum of all of the partial
risk scores is reported on the Total Points axis, and the corresponding
probability is obtained by drawing a vertical line to the lower Predicted
Value.
ResultsDescription of the sample
Overall, 4695 subjects participated in the survey. Of the participants,
67.9% were male, and the most represented age class was the 20- to 24-
year-olds.More than 80% of the subjects had at least a high school edu-
cation, and the majority of the participants lived with their parents. The
characteristics of the sample, according to the socio-demographic vari-
ables and psychoactive substance consumption, are reported in Table 1.Alcohol and illegal drug habits
Regular alcohol drinking (alcohol use in the last month) was inves-
tigated. Only 7.0% of the males and 10.5% of the females reported no
alcohol consumption, whereas approximately 40% of both males and
females reported drinking once per week and 36.8% of the males and
19.1% of the females reported drinking regularly several times per
week. Daily consumption was reported by 11.6% of the males and 3.3%
of the females. Approximately half of the participants, both males and
females, reported being drunk at least once in the past month (56.5%
and 45.0%, respectively).
Routine illegal drug use was also evaluated (illegal drugs consumed
in the last year). Most of the participants denied illegal drug consump-
tion (63.9% of the males, 69.7% of the females). Among the illegal drug
users, the most frequent pattern was occasional (15.3% of the males,
15.7% of the females), followed by multi-week (9.7% and 6.4%, respec-
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tively). Table 2 shows the distribution of specific illegal drugs con-
sumed in the last year by gender.
The most widespread illegal drugs were marijuana and cocaine.
Overall, 31.9% of the males and 26.9% of the females reported marijua-
na consumption in the last year, whereas 10.1% of the males and 5.8%
of the females reported cocaine consumption. In the case of other psy-
choactive drugs, the proportion of users was slightly higher among
males than females, with benzodiazepines as the only exception. The
differences observed between male and female illegal drug consump-
tion were significant for all types of drugs except for opiates (P=0.28).Consumption of psychoactive substances before entryand during visit to the recreational site
Table 3 describes the use of alcohol and illegal drugs reported by the
participants prior to entering the club and during the evening of the
intervention. Approximately half of the respondents (47.1% of the
males and 51.1% of the females) reported being completely sober
before entering the club, whereas more than one-third of the partici-
pants (40.7% of males and 36.0% of females) reported that they had
consumed two or more drinks. The proportion of subjects that self-
reported binge drinking (more than 4 drinks) prior to entering the
recreational sites was 19.6% of the males and 12.8% of the females
(P=0.001).
We found that 79.8% of the males and 69.7% of the females reported
alcohol consumption in the club, and 18.0% of the males and 11.0% of
the females reported binge drinking (P<0.001).
With regard to the type of drink consumed during the night (data not
shown), male drinkers reported consuming beer and distilled spirits
(approximately 35% and 25%, respectively), whereas females reported
consuming alcoholpops (22.2%), distilled spirits and beer (both 19.1%).
Psychoactive drug use prior to entry was reported by 8.5% of the
males and 6.0% of the females (P=0.002), and consumption of these
drugs inside the recreational site was confirmed by 5.5% and 3.9% of
the male and female respondents, respectively (P=0.059). The ques-
tionnaire also investigated the consumption of more than one illegal
drug within the recreational site by self-reported psychoactive sub-
stance users (poly-drug consumption, alcohol excluded). Poly-drug use
was reported by 71.2% of the male users and 66.6% of the female users
(P=0.733).Multivariate analysis
A multivariate analysis was performed to investigate the potential
predictors of binge drinking. Socio-economic variables and illegal con-
sumption of marijuana and cocaine were analysed in the univariate
analysis to obtain crude ORs for inclusion in the multivariate logistic
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Table 1. Characteristics of the sample, including socio-demo-
graphic variables and psychoactive substance consumption.
Male Female P
(N=3188) (N=1507)
% %
Age group (years) 0.002
-15-19 22.9 24.2
-20-24 45.5 49.6
-25-29 21.8 18.7
-30-35 9.8 7.5
Living situation <0.001
Alone 18.9 11.8
With parents 63.0 62.4
With partner 10.0 14.2
With friends/colleagues 6.0 8.5
Other 2.1 3.1
Education <0.001
Academic 25.8 36.6
High school 53.0 50.0
Middle school 17.4 10.3
None 3.8 3.1
Employment <0.001
Employed 49.3 36.0
Seeking employment 7.6 7.3
Student 43.1 56.7
Frequency of alcohol use in the past month <0.001
Never 7.0 10.5
Once or twice per month 18.6 30.3
Once per week 37.6 40.2
3 or 4 days per week 25.2 15.7
Daily 11.6 3.3
Drunkenness in the past month: yes 56.5 45.0 <0.001
Illegal drug consumption in the last year <0.001
Never 63.9 69.7
Once 6.8 5.4
Sometimes 15.3 15.7
Several times per month 4.3 2.8
Several times per week 9.7 6.4
Table 3. Consumption of alcohol and illegal drugs during the
evening by gender.
Male Female P
(N=3188) (N=1507)
% %
N° of alcoholic drinks consumed prior to entry 0.001
0 47.1 51.1
1 12.2 12.9
2 9.6 11.5
3 6.1 7.3
4 5.4 4.4
>4 19.6 12.8
N° of alcoholic drinks consumed at the club <0.001
0 20.2 30.3
1 15.6 20.0
2 19.5 17.5
3 17.0 14.1
4 9.7 7.1
>4 18.0 11.0
Illegal drug consumption prior to entry 8.5 6.0 0.002
Illegal drug consumption at the club 5.5 3.9 0.059
Poly-drug consumption at the club* 0.733
Two substances 63.2 57.1
Three substances 5.6 7.1
More than three substances 2.4 2.4
*Alcohol excluded.
Table 2. Illegal drug consumption in the last year by gender.
Male Female P
(N=3188) (N=1507)
% %
Marijuana 31.9 26.9 <0.001
Methamphetamines 5.3 3.7 0.021
Hallucinogens 4.0 2.5 0.009
Amphetamines 4.5 2.9 0.009
Benzodiazepines 4.1 6.7 <0.001
Opiates 1.6 1.2 0.28
Cocaine 10.1 5.8 <0.001
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model to predict the probability of binge drinking. Table 4 shows the
crude and adjusted ORs of the variables that remained statistically sig-
nificant after the stepwise backward elimination analysis.
The univariate analysis found that 20- to 24-year-olds were the age
group with the highest likelihood of binge drinking behaviour (crude
OR 1.34, 95% CI 1.08-1.66). However, when the model was adjusted for
the main confounding factors, the association between age and binge
drinking was attenuated (adjusted OR 1.14, P=0.3). After controlling
for the main confounding factors, living with a partner (adjusted OR
1.57, 95% CI 1.13 - 2.19, P=0.01) and seeking employment (adjusted OR
1.66, 95% CI 1.17 - 2.36, P=0.005) were associated with a higher likeli-
hood of alcohol abuse. The univariate analysis suggested a protective
role for the highest educational levels, but after adjustment, only those
who attended high school had a lower likelihood of alcohol abuse
behaviour (adjusted OR 0.38, 95% CI 0.25 - 0.58, P<0.001).
An increased likelihood of binge drinking was evident in cannabis
consumers, among whom the risk of binge drinking increased with the
frequency of consumption (once, but not anymore: crude OR 1.52;
P=0.01; sometimes: crude OR 2.23, P<0.001; several times a month:
crude OR 2.61, P<0.001; several times a week: crude OR 4.29 P<0.001),
and among cocaine users (once but not anymore: crude OR 2.92,
P=0.01; sometimes: crude OR 2.98, P<0.001; several times a month:
crude OR 4.18, P=0.004). The Brier score (the lower the score, the bet-
ter the model performance) and the discrimination index c were 0.09
and 0.73, respectively. Even after adjusting for age, education and
socio-economic variables, the relationship between engaging in binge
drinking and the frequency of marijuana use was apparent (once but
not anymore: adjusted OR 1.45, P=0.03; sometimes: adjusted OR 1.96,
P<0.001; several times a month: adjusted OR 1.94, P=0.007; several
times a week: adjusted OR 3.66, P<0.001).
The nomogram of the logistic regression model is shown in Figure 1.
Following the indications reported in the methods, it was easy to iden-
tify the profiles that were most at risk for binge drinking (for each vari-
able). The characteristics most related to binge drinking were age 20-
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Table 4.  Potential predictors of binge drinking.
Crude OR (95% CI) P Adjusted OR (95% CI) P
Age group (years)
15-19 -- --
20-24 1.34 (1.08 - 1.66) 0.01 1.14 (0.89 - 1.46) 0.3
- 25-29 1.09 (0.84 - 1.41) 0.51 0.91 (0.65 - 1.27) 0.6
- 30-35 0.74 (0.52 - 1.03) 0.07 0.70 (0.46 - 1.07) 0.1
Living situation
With parents -- --
Alone 1.01 (0.81 - 1.27) 0.9 0.99 (0.78 - 1.27) 0.97
With partner 0.78 (0.61 - 1.01) 0.06 1.57 (1.13 - 2.19) 0.01
With friends 1.81 (1.33 - 2.48) <0.001 0.77 (0.57 - 1.03) 0.08
Other 1.32 (0.80 - 2.20) 0.3 1.36 (0.79 - 2.34) 0.3
Education 
None -- --
Middle school 0.69 (0.45 - 1.07) 0.1 0.64 (0.41 - 1.02) 0.06
High school 0.43 (0.29 - 0.65) <0.001 0.38 (0.25 - 0.58) <0.001
Academic 0.71 (0.47 - 1.07) 0.1 0.70 (0.45 - 1.08) 0.11
Employment 
Student -- --
Seeking employment 1.23 (0.88 - 1.71) 0.2 1.66 (1.17 - 2.36) 0.005
Employed 1.57 (1.13 - 2.18) 0.007 1.43 (1.00 - 2.04) 0.05
Marijuana consumption
Never -- --
Once, but not anymore 1.52 (1.09 - 2.13) 0.01 1.45 (1.02 - 2.04) 0.03
Sometimes 2.23 (1.74 - 2.86) <0.001 1.96 (1.51 - 2.54) <0.001
Several times per month 2.61 (1.69 - 4.04) <0.001 1.94 (1.20 - 3.14) 0.007
Several times per week 4.29 (2.79 - 6.62) <0.001 3.66 (2.27 - 5.90) <0.001
Cocaine consumption
Never -- --
Once, but not anymore 2.92 (1.74 - 4.92) <0.001 2.22 (1.28 - 3.83) 0.004
Sometimes 2.98 (1.83 - 4.87) <0.001 1.68 (0.99 - 2.85) 0.06
Several times per month 4.18 (1.56 - 11.17) 0.004 2.17 (0.77 - 6.14) 0.14
Several times per week 1.04 (0.19 - 5.71) 0.96 0.61 (0.10 - 3.88) 0.6
Figure 1. Nomogram for calculating the probability of binge
drinking given an individual characteristic.
Points
Age
Dwelling
Education
Employment
Marijuana
Cocaine
Total points
Linear predictor
Predicted value
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24 years, living with friends, lack of education, employment and fre-
quent marijuana and cocaine use.
Discussion
This paper reports results from the TEN-D by Night survey, which
aimed to investigate the patterns of psychoactive substance consump-
tion and the prevalence of binge drinking and poly-drug use in a large
sample of young Europeans. The limitations and strengths of our study
have been extensively discussed in a previous paper.22,27 In brief, the
TEN-D survey has some strengths compared with other surveys on the
same topic. Most studies examining alcohol and illegal drug consump-
tion among young people in the nightlife context have used only self-
reported measures.20,21 In the limited number of studies in which an
objective measure of alcohol level was obtained, samples sizes were
small or originated from very specific settings.15-31 By contrast, our sur-
vey combined self-reported alcohol and illegal drug use with objective
testing, thus reducing the potential for bias. Moreover, our sample was
recruited at typical recreational sites, which were not considered set-
tings for major risk (such as rave parties). The portal survey technique
conducts a temporal evaluation of substance use and provides pre- and
post-assessment of consumption, ensuring the most reliable measure
of substance effects.15 This study also has some limitations. First, the
study design is cross-sectional; therefore, we were able to document
only the correlations between variables, not the presence of a causal
relationship. Second, the voluntary recruitment of the participants and
the opportunistic selection of the recreational sites may have intro-
duced a selection bias, limiting the representativeness of the sample
and the generalisation of the results. However, the guarantee of
anonymity reduced the number of young people who refused to partic-
ipate. The data on illegal drug use should be interpreted with extra cau-
tion because consumption may be underestimated due to underreport-
ing. However, we evaluated this assumption using the saliva test,
which provided the opportunity to estimate the number of false decla-
rations in both contexts.27 Our findings confirm the previously report-
ed pattern of alcohol consumption among young people, known as the
weekend drinking culture, especially among those in the 20- to 24-year-
old age group.6,32 Moreover, the results from our analysis confirm that
females usually drink less than males, and a higher percentage of
females reported being teetotalers.6,14,33 Interestingly, the portal survey
technique showed that a very large proportion of subjects had already
consumed alcohol prior to entering the recreational site. This finding
suggests that alcohol misuse is not limited to clubs. The survey on alco-
hol consumption should be expanded to other settings. Our results also
confirm that binge drinking is a common practice among young people
who visit clubs.13-16 With regard to this issue, there were no significant
differences between males and females. The TEN-D survey confirmed
the narrowing of the gap between males and females in terms of
unhealthy lifestyles.18,32,34-37 Furthermore, binge drinking appeared to
be linked to other independent risk factors, including age (with 20-to
24-year-olds at highest risk), living situation (living with friends), edu-
cation (none or low), and illegal drug consumption (marijuana and
cocaine). This finding confirms the results of other studies analysing
the growing phenomenon of concurrent alcohol and psychoactive sub-
stance use in young men and women.16,18,38-40 Other studies, primarily
conducted in United States, have found that unhealthy lifestyles are
associated with certain risk factors, including the influence of college
students’ distance from family, the level of education, and the protec-
tive role of marriage.1,33,35,38,40 We took these factors into account in our
study. Although binge drinking and the correlation between alcohol
consumption and illegal drug use have been described extensively in
the literature, the contribution of our European survey is the use of
data collected directly from a location in which psychoactive substances
are usually consumed. Regarding illegal drug use, our study found that
many youths reported having tried one or more substances in the last
year, most frequently marijuana (one-third of the sample) and cocaine.
These data are in agreement with those reported in the literature, but
our study had a larger sample size than previous surveys5,6,9,20,21
because of the specific setting and timing of our study intervention,
which was conducted at recreational locations on weekend nights. The
illegal drug consumption at the recreational sites was lower than that
reported by other surveys, especially for methamphetamines, hallu-
cinogens and opiates. It is possible that the particular setting of these
surveys, which were usually conducted in the context of rave parties,
captured the behaviours of a different population at an increased risk
of use.18,21 More than 70% of those who reported substance use during
the visit to the club reported consuming more than one drug. These
data confirm previous literature showing that a majority of substance
users are also poly-drug users.18,38
Conclusions
The TEN-D by Night survey showed that it is possible to identify indi-
viduals and groups at high risk. This identification allows for a focus on
specific targets and facilitates the reshaping of prevention pro-
grammes. The increasing use of psychoactive substances among
younger generations should be studied extensively to promote success-
ful intervention campaigns. These interventions should consider loca-
tions, in addition to discos and clubs, where young people consume
alcohol and use illicit drugs.
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